were significantly shorter in the MIDCAB group (p < 0.01). Patients in the OPCAB group required significantly more blood transfusions (1.83 ±0.38 units vs. 0.17 ±0.38 units) and fresh frozen plasma use (2.33 ±0.96 units vs. 0.69 ±0.76 units) (p < 0.01 
Introduction
Coronary artery bypass grafting is usually applied with median sternotomy and cardiopulmonary bypass. In order to avoid complications related to cardiopulmonary bypass, off-pump coronary artery bypass (OPCAB) grafting was developed to vascularize coronary arteries through a full sternotomy on a beating heart without performing a cardiopulmonary bypass [1] [2] [3] . In recent years, however, the use of minimally invasive direct coronary bypass (MIDCAB), which does not include either cardiopulmonary bypass or full sternotomy, has been initiated in selected cases to minimize the complications associated with full sternotomy, cardiopulmonary bypass, and
Perioperative outcomes in minimally invasive direct coronary artery bypass versus off-pump coronary artery bypass with sternotomy manipulation of the aorta [4] [5] [6] . In contrast to OP-CAB, MIDCAB is performed without sternotomy through a small left anterior thoracotomy.
Disease of the left anterior descending artery (LAD), the largest coronary artery, which supplies blood to nearly half of the ventricular myocardium, poses a higher risk for patients compared to diseases of other coronary vessels [7] . Treatment options in isolated LAD stenosis include coronary stenting, percutaneous transluminal coronary angioplasty, and left internal mammary artery (LIMA) bypass grafting. Although the use of coronary stenting for isolated LAD disease has increased in recent years, LIMA to LAD bypass is preferable because of the high long-term patency rates, reduced number of coronary interventions, and high survival rates [8] [9] [10] . Surgical treatment can be applied in isolated LAD disease with either OPCAB or MIDCAB. The potential advantages of MIDCAB include reduced surgical trauma, rapid healing, and improved quality of life after surgery [11] . However, MIDCAB is technically challenging since it allows only limited access to the surgical field and limits the exposure of the heart [3] .
Aim
In this study, we compared in-hospital outcomes of patients undergoing surgery for one-vessel coronary artery disease (CAD) with either MIDCAB or OPCAB.
Material and methods
Patients operated on for one-vessel CAD from October 2013 to December 2015 were retrospectively evaluated in this study. A total of 23 patients who underwent MIDCAB surgery via a left anterior thoracotomy constituted the MIDCAB group, and 24 patients who underwent OPCAB via a median sternotomy constituted the OPCAB group. Preoperative, intraoperative, and postoperative data of the patients were recorded. Informed consent was obtained from all patients prior to the study.
Patient selection criteria
The criteria for single vessel revascularization were as follows: a) occlusion of the LAD, b) complex lesions unsuitable for percutaneous coronary angioplasty or stenting, and c) restenosis after angioplasty and stenting. Patients who required additional surgical treatments for diseases other than coronary lesions (i.e., valvular diseases) were excluded. Patients were assigned to study groups according to their general condition, anatomic characteristics, location and type of lesion, and comorbidities. Patients who were scheduled for MIDCAB underwent electron beam computed tomography (CT) in which the distance between the LIMA and the LAD was measured. In patients with an LIMA to LAD distance longer than 7 cm, an OPCAB with sternotomy was performed. Patients were informed about the indications and limitations of MIDCAB, and the final decision regarding the surgery was left up to them.
Surgical technique Minimally invasive direct coronary bypass
Patients were placed in a supine position and intubated with a double-way endotracheal tube. After an 8 cm-long submammary skin incision, the pleural space was entered through the left 4 th intercostal space, and the left lung was deflated. With the help of an LIMA retractor, a pedicled LIMA graft was harvested from the 1 st intercostal space (proximal end) to the bifurcation of the musculophrenic artery and superior epigastric artery (distal end). Following heparinization, the distal anastomosis was established with the help of a stabilizer and intracoronary shunts while the heart was still beating. A thorax drain was placed into the left thorax. After performing bleeding control, the thoracotomy was closed in the standard fashion (Photo 1).
Off-pump coronary artery bypass
Patients were positioned on the operation table in the supine position. Standard median sternotomy Photo 1. Postoperative appearance of a patient following MIDCAB surgery was carried out in all patients. The LIMA was prepared as a pedicled graft using electrocautery and an asymmetric sternum retractor. After heparinization, the pericardium was opened, and the heart was positioned by placing hot wet gauzes under it. A traction suture was placed with 4/0 polypropylene to the proximal part of the LAD. Stabilization was maintained with a vacuum stabilizer. A bloodless operation field was achieved with air/saline insufflation. In cases with high retrograde bleeding, another traction suture was placed with 4/0 polypropylene to the distal part of the LAD. After anastomosis, bleeding control was performed. The sternotomy was closed in the standard fashion after placing a thorax drain (36 Fr) in the left thorax.
Statistical analysis
Data were presented as n (%) or mean ± standard deviation (SD). We used the c 2 test for the analysis of categorical variables and Student's t-test for the analysis of continuous variables. We analyzed the data with the SPSS program (SPSS Inc., Chicago, IL, USA). We accepted a p-value below 0.05 as statistically significant.
Results
Overall, 47 patients (11 females, 36 males) were operated on for one-vessel CAD throughout the study period. There were 23 patients (7 females, 16 males) in the MIDCAB group and 24 patients (4 females, 20 males) in the OPCAB group. The preoperative characteristics of patients are presented in Table I . Study groups were similar regarding age, gender, history of myocardial infarction, ejection fraction, and comorbidities (Table I) .
The same surgical team operated on all patients. Mortality was not observed in either group in the intraoperative or postoperative periods. All patients were operated on under elective conditions. None of the patients required a cardiopulmonary bypass. There was no conversion to sternotomy in the MIDCAB group.
The postoperative data are presented in Table II Hemoglobin on postoperative day one was significantly higher in the MIDCAB group (11.5 ±0.8 g/dl) compared to that in the OPCAB group (9.9 ±0.4 g/dl) (p < 0.01). The amount of postoperative drainage was 534.7 ±97 ml in the MIDCAB group and 708.3 ±77.5 ml in the OPCAB group (p < 0.01).
Atrial fibrillation developed in 2 patients in the MIDCAB group and 1 patient in the OPCAB group (p = 0.609). Sinus rhythm was restored with amiodarone infusion in these patients. None of the patients required reoperation due to bleeding. There was no mortality, conversion to cardiopulmonary bypass, or serious complications (gastrointestinal bleeding, cerebrovascular event, new renal failure, or surgical site infection) in either group. Wound revision was not required in any of the patients.
Discussion
In this study, we found that, compared to the patients operated on with OPCAB surgery, patients operated with MIDCAB surgery had significantly shorter ventilation time, had fewer intensive care unit and hospital stays, and needed fewer blood transfusions.
Although the number of patients undergoing coronary artery bypass grafting decreases every year, the percentage of patients operated on with offpump techniques, which result in significantly lower in-hospital mortality rates compared to conventional coronary artery bypass techniques, has increased gradually [1] . Similar to other surgical fields, there is an increasing trend in cardiovascular surgery to minimize the trauma caused by surgical intervention itself in order to reduce perioperative mortality after cardiovascular interventions [12] . Minimally invasive techniques such as MIDCAB were developed for this purpose [5, 12] . MIDCAB, which is carried out with a small, anterior thoracotomy, is the treatment of choice in patients with isolated LAD lesions in some centers. It has also been used for the treatment of coronary disease involving multiple vessels [4, 13, 14] .
The primary goal of MIDCAB is to achieve a graft patency rate similar to that of conventional bypass and to avoid repeated revascularizations. Its secondary goals are to reduce postoperative pain and discomfort and provide a rapid return to active life. Last but not least, MIDCAB has economic goals: shortening the length of hospitalization and reducing costs [12] . Accomplishing these goals is dependent on performing an effective coronary anastomosis and avoiding cardiopulmonary bypass and sternotomy.
Currently, off-pump coronary revascularization on the beating heart is performed worldwide. Patel et al. [15] defined the characteristics of an ideal patient for beating-heart surgery as follows: a) distal vessel diameter of > 1.5 mm, b) favorable ventricular function, c) hemodynamic stability, d) anterior wall anastomosis, i.e., the LAD artery or the diagonal artery, and e) < 6.5 cm distance between the posterior table of the sternum fully exposed by the mammary retractor and the pericardium over the LAD area. While the standard incision in classical OPCAB surgery is the median sternotomy, technological developments have enabled different approaches to be used for beating-heart surgery [15] . It is important to note that OPCAB and MIDCAB are technically challenging and that both techniques require teamwork for better outcomes. Cuenca et al. recommended intraoperative Doppler evaluation of anastomosis patency due to the technical difficulty of the OPCAB technique [5] . During the surgery, it is important to keep the heart warm and to avoid unnecessary contact with the heart. Cardiac stabilizing devices and pericardial traction sutures are used to place the heart in the correct position to access the vessels on the lateral and posterior surfaces [5] . The stabilizers should not be moved once positioned. The LIMA-to-LAD anastomosis is performed first, and then the anastomoses of other vessels are performed, if necessary. Furthermore, anesthetic management of the patient is important to ensure a desirable outcome of OPCAB surgery. The surgeon and the anesthesiologist should work as a team to ensure a safe operation. Some studies have compared the outcome of patients revascularized with either MIDCAB or OPCAB. Gersbach et al. reported their initial experience with MIDCAB and compared both perioperative and midterm results of MIDCAB and OPCAB [16] . They found that although MIDCAB patients had a shorter intubation time, they received significantly less anastomosis and had a higher rate of serious complications (7 vs. 0) and more discomfort at three months. They concluded that, despite the cosmetic advantages of MIDCAB, OPCAB is more convenient both for the patient and the surgeon [16] . In a larger case series, Detter et al. compared MIDCAB (n = 111) performed for LAD stenosis and OPCAB (n = 229) carried out for a variety of vessel diseases [17] . The postoperative total graft patency rate was similar between the groups. However, there were three in-hospital deaths in the OPCAB group and none in the MIDCAB group. They concluded that, even though MIDCAB is a challenging technique, it can be performed safely in selected patients with suitable coronary anatomy [17] . With increasing experience, recent studies tend to report a more favorable outcome with MIDCAB compared to OPCAB. In a prospective study, Karpuzoglu et al. compared early results of patients operated on for isolated LAD disease with either MIDCAB or OPCAB [18] . They found that MIDCAB significantly reduced the duration of both mechanical ventilation and hospital stay compared to OPCAB [18] . Similarly, Birla et al. found that patients who underwent LIMA to LAD bypass with MIDCAB had a shorter hospitalization period and a reduced need for blood transfusion; however, other early outcomes, such as mortality, recurrent myocardial infarction, and postoperative stroke, were similar in patients operated on with MIDCAB and OPCAB [19] . In addition, similarly to our results, Zhang et al. reported reduced ventilation duration, intensive care unit stay, hospital stay, and blood transfusion with MIDCAB in comparison to OPCAB [20] .
However, Rogers et al. demonstrated in a randomized controlled trial that coronary artery bypass grafting through a small thoracotomy (ThoraCAB) does not improve perioperative or mid-term outcomes compared to OPCAB through a median sternotomy [3] . Furthermore, the average cost of ThoraCAB was 10% more than OPCAB. However, 65% of the patients in their study had triple vessel disease, which underlines the importance of correct patient selection for MIDCAB. Multivessel disease is an independent prognostic factor for mortality after MIDCAB [13, 14] . Further studies are needed to define the patient groups that would benefit the most from MIDCAB.
The patency of grafts after MIDCAB has been investigated in some studies. Mack et al. demonstrated that the grafts were patent in 99% of 103 cases in the angiography performed immediately after the MIDCAB surgery [21] . Some studies show the superiority of MIDCAB over percutaneous coronary intervention in proximal LAD lesions [10] . The MIDCAB is also better than drug-eluting stents concerning the early patency rate and repeated intervention on a target vessel [22] . In a large study including 1,300 patients, Holzhey et al. reported a 94.5% graft patency rate after 6 months, 91.9% after 1 year, and 90% after 7 years [23] . Moreover, they also determined a 5-year survival rate of 91.9% and a 7-year survival rate of 89.4% following MIDCAB for revascularization of LAD. These patency rates are similar to those achieved with conventional bypass surgery.
Another important advantage of MIDCAB is the reduced frequency of major perioperative complications. Diegeler et al. found that, while postoperative pain was higher in the MIDCAB group compared to the OPCAB group until postoperative day four, the MIDCAB group had less pain, and patients were more comfortable during physical activities after postoperative day 4 [24] .
The limitations of our study include the relatively small number of participants, the inclusion of patients with one-vessel CAD, and the lack of long-term outcome data. However, the scarcity of studies in the literature that compare MIDCAB to OPCAB and the need for such studies are factors that contribute significant value to our study.
Conclusions
We believe that the MIDCAB technique is more advantageous in the early in-hospital period than the OPCAB technique for the treatment of patients with a critical LAD lesion. Further studies compar-ing the long-term outcomes of patients treated with MIDCAB or OPCAB are needed.
